


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 


DSpace Repository 


Theses and Dissertations 


1971 


1. Thesis and Dissertation Collection, all items 


Optimization of stiffened panels subjected to 
uniform lateral loading. 


Sutton, William G. 


Massachusetts Institute of Technology 


http://ndl.handle.net/10945/15845 


Downloaded from NPS Archive: Calhoun 


DUDLEY 
KNOX 
LIBRARY 





http://www.nps.edu/library 


Calhoun is the Naval Postgraduate School's public access digital repository for 

research materials and institutional publications created by the NPS community. 

Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
appointed — and published — scholarly author. 


Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 


OPTIMIZATION OF STIFFENED PANELS 
SUBJECTED TO UNIFORM LATERAL LOADING 


by 


William G. Sutton 





prir'cy KNOX LIBRARY 
“TSRADUATE SCHOOL 
“ITORNIA 93943-5002 


DUDLEY KNOX LIBRARY 
NAVAL POSTGRADUATE SCHOOL 
MONTEREY, CALIFORNIA 93943-5002 


-|- 


OPTIMIZATION OF STIFFENED PANELS 
SUBJECTED TO 
UNIFORM LATERAL LOADING 
by 
WILLIAM G. SUTTON 


B.S. in Marine Engineering, U. S. Naval Academy (1970) 


SUBMITTED IN PARTIAL FULFILLMENT OF THE 
REQUIREMENTS FOR THE DEGREE OF 
MASTER OF SCIENCE IN NAVAL ARCHITECTURE 


AND MARINE ENGINEERING 


at the 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


June, 1971 





h 


pe + "3D SCHOOL 


WONcuae-, vAcis. 94940 


-?- 


OPTEMIZATION OF STIFFENED PANEMS 
SUBSBCI ED TO 
UNIFORM LATERAL LOADING 
by 
William G. Sutton 


Submitted to the Department of Naval Architecture and 
Marine Engineering in partial fulfillment of the re- 
quirements for the degree of Master of Science in 
Naval Architecture and Marine Engineering. 


ABSTRACT 


The structural designer is continually faced with the 
problem of weight and cost optimization, especially in the 
area of ship design. 


The purpose of this thesis was to develop an acceptable 
design method which integrates cost and weight in the optimi- 
Zation process of a typical ship structure. 


The structure considered here consists of a laterally- 
loaded panel stiffened by angle stiffeners in one direction 
only. Six particular arrangements were used in the formula- 
tion of the design procedure. Stiffeners oriented either 
parallel to the long or short side of the plate for each of 
three stiffener end conditions, over a typical range of aqross 
panel aspect ratios were studied. The costing method utilized 
by the Boston Naval Shipyard for similar structures was used 
to complete a cost analysis for all the individual designs 
investigated. With the use of both graphical and analytical 
procedures, a design method which enables the designer to in- 
vestigate both weight and cost, and is acceptable for practi- 
cally all rolled angle stiffeners, was developed. 


This method gives the designer stiffener size, orienta- 
tem number and end condition, plus plating thickness for 
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the particular weight-cost relationship he prefers, and the 


particular design stresses and scantlings he is forced to 
deal with. 
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INTRODUCTION 

Structural Opeimizaction, oth in wes@iteeand Cost. 
poses a definite problem which faces designers continuously. 
Less weight means more payload while complicated structures 
require greater construction costs. A superstructure assem- 
bly or a missile mount may require a least-weight design in 
a given situation, but what about hull plating? Minimum 
weight is definitely important but so is least cost. The 
most attractive deSign in practically all cases iS a com- 
promise between the two. 

By placing appropriate emphasis on cost and weight, 
most designers would then like to be able to choose an ac- 
ceptable solution. If least-weight expressions could be 
integrated into a detailed cost estimation procedure, a de- 
Sign method avoiding much trial and error might result. The 
purpose of this study is to produce such a design method for 
the structure described below. 

A gross panel, laterally loaded, and stiffened by angle 
stiffeners is a structure widely known in ship design circles. 
Such assemblies as side shell plating and many types of bulk- 
heads fall under this classification. Stiffener orientation 
here is not limited. They may be placed parallel to the short 
or long side of the plate. 

In this study six basic arrangements are investigated, 


two stiffener orientations for each of three stiffener end 
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conditions. The three stiffener end conditions are as 
follows: (1) simply Supported (hinged), (2) fixed without 
brackets (semi-fixed), and (3) fixed with brackets (brack- 
eted). 

Work in this area has been done by Harlander (Reference 
1), who studied the least-weight applications of stiffeners 
oriented in one direction (parallel to the short side of the 
plate) with hinged or semi-fixed end conditions. His deriva- 
tions of equations which optimized weight uSing a stress 
analysis provided a basis for this thesis. Because of the 
widely accepted use of stress analysis procedures in the de- 
Sign of shell plating, design stress will play the major role 
mie this study.” 

The development of a design method which acceptably 
integrates cost and weight ina simple, straightforward man- 


ner is the primary objective of this thesis. 


“Work in deflection analysis for similar structures may 
be found in Reference 2. 
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PROCEDURE 

A. SITPFENER. Seobeci non 

The three main types of stiffeners used today in the 
construction of side shell plating and bulkheads are tee, 
angle, and fiat bar stiffeners. In deriving least-weight 
equations for the gross panel structure, a mathematical 
expression for stiffener weight in terms of some variable, 
which would produce weight values for the stiffeners ap- 
proximating actual values, is desirable. As the procedure 
for the derivation of stiffener weight as a function of 
section modulus has already been developed by Harlander, it 
was determined here that his equation would be used. 

Wap = OLA ZS eta 0 35a zante 

Harlander developed the "weight per foot" equation for 
angle stiffeners by polynomial curve fitting. He used the 
values reproduced in Figure 7 of the Appendix. Further in- 
vestigation revealed that this equation is elliptical in 
nature, thereby placing limitations on the section moduli 
for which it is acceptable. Limits therefore must be 
placed on the size stiffener for which the derived least- 
weight expression can be utilized. By locating the maximum 
point in the equation, it was determined that only stiff- 


ane eaice a aeen 


eners up to a section modulus of 45.4 in. 
the derived least-welight expressions. This covers approx- 


imately the entire range of rolled angle stiffeners up 
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to a web height of eight inches. However, this does not 
entirely limit the design method developed herein, as will 
be shown later. 

Each fee O° stiffener may be handled separately in 
studies similiar to this by developing a weight-per-foot ex- 
pression for the class stiffener investigated. Time and 
convenience, however, dictated the use of angle stiffeners 
here. 
oe STIFFENER END CONDITION SELECTION 

Because previous work had been done in the simply- 
Supported ana fixed-without-brackets areas these two end 
conditions showed much potential for expansion into this 
study. Bracketed stiffeners were then chosen in order to 
complete a general overlook analagous to all the methods 
presently employed in ship construction. 

Using simple beam theory, a series of equations for 
section modulus as a function of salt water head, gross 
panel scantlings, number of stiffener spaces, and stiffener 
design stress were developed. 

For the hinged condition, the standard moment equation, 


2 
a wel 





, was used to develop section modulus equations for 
both stiffeners oriented parallel to the long and short 

* 
Side of the plate. 


In the semi-fixed end condition, which may exist when 


x 
See Appendix I-A and I-B. 


cy 
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the stiffeners are, say, continuous past the gross plate 
size, the moment equation becomes M = ae Section modulus 
equations were developed here for the two orientations. 

Finally, the bracketed moment equation was found to be 
M = ae’ This is due to the fact that the addition of the 
brackets causes the effective cross-sectional area of the 
stiffener to be greater at each end, thus decreasing the 
moment along the unsupported portion of the stiffener, yield- 
ing a smaller design moment for the same design stress in the 
bracketed condition. Section modulus equations were then de- 
veloped for the two stiffener orientations.” 


C. MINIMUM WEIGHT EQUATION DERIVATION 


1. Case A: hinged stiffeners oriented parallel to the 
xk 


short side of the plate 

2. Case B: hinged stiffeners oriented parallel to the 
long side of the plate 

3. Case C: semi-fixed stiffeners oriented parallel to 
the short side of the plate i 

4. Case D: semi-fixed stiffeners oriented parallel to 
the long side of the plate 


5. Case E: bracketed stiffeners oriented parallel to 


the short side of the plate 


“See Appendix I-C and I-D. 


**sSee Popendix F=f sand f-). 


“““The equations used for Cases A and C were obtained from 


Reference 1, page 16. 
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6. Case F: bracketed stiffeners oriented parallel to 

the long side of the plate 

Themexistencewor bracketing in@@accemie and | (vo er-a 
the derivation of an equation for bracket weight. Assuming 
that the brackets were cut from the stiffeners used in each 
case, a relationship of bracket weight as a function of stiff- 
ener weight was obtained by the method illustrated in Appendix 
JE ie 

A generai expression for the total weight of the struc- 
ture was written as a function of the scantlings of the plate, 
the weight per foot of the stiffeners, and the number of stiff- 
eners and/or brackets. The basic assumptions made were as fol- 
lows: (1) only the bending stresses in the plate were con- 
Sidered, (2) each panel in the plate was considered separate 
with clamped edges, (3) the stiffeners would be 100 percent 
efficient, and (4) simple beam theory would govern stiffener 
stressing. By minimizing the number of panels (i.e., stiff- 
eners), and by setting up parametric values to simplify the 
equations, a least-weight equation for each case was developed.” 

As the parameters developed for use in the weight equations 
bore no physical significance and were dimensionally compli- 
cated, an unsuccessful attempt was made to non-dimensionalize 


the weight relationships. First the stiffeners used in the 


* 
The method used was developed by Harlander. For a detailed 
derivation and additional assumptions, see Appendix I. 
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derivation of the stiffener weight equation were tested for 
aeosimilarity. The restlts were negative. The parameters 
were then varied in an attempt to place physical significance 
on them, but the resulting complication made this approach 
worthless. Finally. weight per unit area of plating and 
stiffener weight per total weight were investigated by the 
manipulation of the weight equations, also producing negative 
results. 
D. WEIGHT GRAPH CALCULATIONS 

The need for a series of comparative least-weight values 
then arose for use in a detailed cost analysis. A range of 
gross panel aspect ratios from 1.0 to 4.0 were used with a 


salt water (p = 64.0 lbs./ft.*) head of 20.0 ft. oa, and as 


Pp 
Were, set at 33.0 k.s.i1. and 27.0 k.s.1., respectively, and 
the long dimension of the plating was fixed at 12.0 feet. 
These values were chosen for both practicality and convenience. 
The above values were then used to calculate a series of 
weight characteristics for each case. (See Tables I, II, and 
III.) A graph of total weight versus aspect ratio was then 
made for further study (Figure l). 
wee METHOD OF COSTING 

The first cost estimating method used was that illus- 
trated in Reference 4. This method was very general and did 


not seem to serve any useful purpose except as a future means 


of comparison. 





ae 





~|9- 

To obtain a realistic, detailed method to determine both 
material and labor cost for the least-weight structures stud- 
ied, the Planning and Cost Estimating Department of the Boston 
Naval Shipyard was consulted. The result was a rather straight- 
forward method which has been summarized in Appendix III. The 
only assumption here was that the plating, stiffeners, and 
brackets already Sized by the least-weight calculations were, 
in fact, available as off-the-shelf items. A complete cost 
analysis wasS run again, uSing this detailed method, on each of 
the structural arrangements, and the results tabulated in 
Tables V, VI, and VII. 

FF. COST GRAPH DEVELOPMENT 

In order that some comparison might be made between cost 
and weight for use in the design method, several graphs along 
cost lines were developed. First, a graph of total cost ver- 
sus aspect ratio was made (Figure 2). To somewhat authenti- 
cate the practicality of the cost calculations a graph of la- 
bor cost versus material cost was made (Figure 3). Finally, 
to develop a comparative graph based on both cost and weight 
in an effort to generalize, the material weight figures from 
the least-weight calculations and the total cost calculations 
were normalized about the hinged-end, parallel to the short 
Side, aspect ratio 1.0 case, resulting in Table VIII and Figure 


4, 








=—Jio= 
G. "t/z" RELATIONSHIP 

By dividing the derived expression for plating thickness, 
t, by the derived expression for stiffener section modulus, Zz, 
it was discovered that this relationship 1s independent of the 
number of stiffeners. In fact, t/z 1s a function only of head, 
length of stiffener, plating design stress, and stiffener de- 
Sign stress. This 1s a very useful expression when dealing in 
areas where the least-weight values for t and z are impossible 
to reach practically. By the use of this relationship one can 
avoid the least-weight equations, which are limited by a cer- 
tain value of z. As will be shown later, in uSing this ap- 
proach the least-weight solution cannot be reached but it can 


be approximated as close as is practically possible. 
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RESULTS 
The resuits of this thesis are given in the form of 
curves in Figures 1, 2, 3, 4, and 5, and two design methods 


for the structures studied herein. 


Figure 1: total weight versus aspect ratio 

Figure 2: total cost versus aspect ratio 

Figure 3: labor cost versus material cost 

Figure 4: normalized weight versus normalized cost 
Figure 5: normalized weight versus aspect ratio 


For the design methods the following information must 
be given: 

1. Length and width of plate (L, a) 

2. Head of salt water at p = 64.0 lbs./ft.? (H) 


3. Design stresses for plating and stiffeners (Op, Oey) 


I. LEAST-WEIGHT DESIGN METHOD FOR LATERALLY LOADED PLATING 


STIFFENED BY ANGLE STIFFENERS 


PROCEDURE: 

1. Enter Figure 5 to determine orientation and end condi- 
tion of stiffeners. (Figure 5 can be used only when H = 20.0 
neck, O1, Bon) Se) kev 2 1pm) OC a) Saesat? 7) a0 eal ree) 

2. Choose appropriate least-weight equations from Appen- 


mx £L and solve for n. 


Peoolve mor t amdez. (2845.4 ine) 








29) = 
4. Use appropriate total weight equation from Appendix 
I and solve for material weights. 
5. Use costing method outlined in Appendix III to deter- 


mine various costs. 


II. WEIGHT-COST OPTIMIZATIONAL DESIGN METHOD FOR LATERALLY 


LOADED PLATING STIFFENED BY ANGLE STIFFENERS 


PROCEDURE: ™ 

1. Enter Figure 4 to determine orientation and end condi- 
tion of stiffeners. (EmphasSis on cost or weight determined by 
personal preference. Figure 4 can be used only when H = 20, 
Op = Be, anid GO. = 27.) 

2. Solve avpropriate "t/z" value (from Appendix I). 

3. Use appropriate leaSt-weight equation from Appendix 
I to solve for the least-weight value of n. 

4. Use the least-weight value of n to solve for least- 
Pewont t, and z. (z <= 45.4 in. ?) 


5. Determine feasible value of t closest to the least- 


weight value. 


6. Use appropriate equation for t to solve for new value 
or n. 

7. Use "t/z" to solve for new z value. 

8. Determine stiffener size to be used by taking avail- 


able stiffener closest in section modulus to the calculated 
value. 


*See Sample Prcblem for illustration of optimization pro- 
eeaure. 
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9. Use t, 2, nm, Lp ay and Wasi ene waeercr een Wane e 
equation (from Appendix I) to solve for material weights. (If 
zg final < 45.4 in.* one may use W, = -.0114z2* + 1.0352 + 2.50. 


Mmiez > 45.4 in.* use the book value for Wee inet uci aries cmrec— 
jElve area 30t.) 
10. Use the costing method outlined in Appendix III to 


Peeemnane Various costs. 
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DISCUSSIONS ORS RESULTS 


FIGURE 1 AND FIGURE 5 

As can be seen in Figure 1, the assemblies with stiff- 
eners oriented parallel to the short side are always the 
lightest structures with aspect ratios greater than 1.65. 
This is a good defense of the usual procedure of placing 
stiffeners almost exclusively parallel to the short side of 
the stiffened plate when lateral loadings predominate. The 
bracketed assembly with stiffeners parallel to the short side 
of the plate was the lightest structure at each aspect ratio. 
The difference here can be attributed to stiffener weight. 
The design bending moment of the stiffeners in this case was 
decreased significantly (by a factor of 1/2 times the semi- 
fixed bending moment) because of the addition of the brackets. 
Even with the added bracket weight, the decrease in stiffener 
section modulus was good enough to yield the lowest material 
weights. 

The plating weights at each aspect ratio were not as 
varied as were the stiffener weights (stiffeners parallel to 
the short side), therefore the basic weight differences were 
caused mostly by the variations in SRE e nee Sad ome: 
The plating thickness, which is the major factor in determin- 
ing plating weight, given the gross panel dimensions, is it- 


self determined by an equation of the form: 
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t = 179 B/G, 

In the calculations which produced these graphs, the long 
Mmension of the gross panel, L, the head, H, andwthe design 
Blating stress, Op, were all held constant .99 the simentivari— 
ation inn, which also depended on these values, therefore 
caused the plating thicknesses to be relatively constant 
over a given aSpect ratio when the stiffeners were oriented 
parallel to the short side. 

In the cases where the stiffeners were oriented parallel 


to the long side, the variation in "a" (short-side gross panel 


dimension), produced varied plating thicknesses and therefore 


wide variations in plating weight. This variation in "a" also 
produced a greater range in the number of stiffeners for the 
parallel to the long side equations. ~ 

The variation of H (head of salt water) has a great ef- 
fect on n and therefore z. For example, a 10.0 foot decrease 
in H in Case A, aspect ratio 1.0 causesS a Six percent increase 
in plating weight and a 46 percent decrease in stiffener 
weight. Head variations in both the parallel to the long side 
and short side cases will result in great changes in the weight 
and cost figures. An overall investigation revealed that the 


relative positions of the various cases will remain constant 


because of the "linearity" of H and its effect on the stiffener 


“See Appendix I for the "a" effects on n, i.e., number of 


stiffeners. 
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weights within the calculations (1i.e., z = .032 





The long side arrangements were basically heavier in all 
cases due to the fact that the stiffeners required were very 
much larger in section modulus than those required in the short 
Side arrangement. While there was a smaller number of long 
Side stiffeners required, the great margin in section modulus 


* 
caused extremely higher stiffener weights. 


FIGURE 2 AND FIGURE 3 

Total cost prescribed by the method illustrated in Appen- 
dix III was plotted here versus aspect ratio and, in fact, re- 
vealed the expected. The lightest condition was also the 
costliest. This is due to the fact that as structures become 
Tememana more Complicated (i.e., addition Of brackets) the 
fabrication and construction costs become greater. Conversly, 
the heaviest structure is also the cheapest due to its simplic- 
ity of design. 

In order to authenticate this particular costing procedure 
Figure 3 was developed. Its general purpose is to compare 
labor cost and material cost without the well-known "political 
fudge factor." Many theories have been developed and disproved 
along these lines, and by keeping in mind the realities of the 
subject, a general authentication of this costing procedure 


can be made. By graphically determining the average slopes 


* 
See Tables I, II, and III. 
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of the six curves, a factor of two was determined to be the 
approximate ratio of labor cost (plus overhead) to material 
cost for the arrangements with stiffeners parallel to the 
Short side of the plate and factors of 1.5 to 2.5 for the ar- 
rangements with stiffeners parallel to the long side of the 
plate. 

A generalized method for estimating cost, illustrated in 
a paper by Evans and Khoushy (Reference 4), was used also to 
determine the practicality of the detailed method summarized 
in Appendix III. For the two cases with hinged stiffeners 
the cost figures were approximately the same over aspect ra- 
tios 2.0 to 4.0. At an aspect ratio of 1.0 the general method 
produced cost figures in excess of 20 percent greater than 
those of the detailed method. In the two semi-fixed arrange- 
ments the above was also true. In the bracketed cases, how- 
ever, a closer relationship existed on all aspect ratios, the 
largest variation being again at aspect ratio 1.0, where the 
general figures were approximately twelve percent greater than 
the cost figures vroduced by the detailed method. The dif- 
ferences in the cost figures produced by the two methods can 
be attributed to the gross generalizations of one method and 
the detailed scrutiny of the other method. The similarity 
that did exist is remarkable when one studies the differences 


in approach of the two methods in actually estimating cost. 
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FIGURE 4 

How does one relate cost and weight in order to choose 
an orientation and a stiffener end condition? Due to the 
dimensional complexities of the problem a normalized curve 
was the obvious choice. In Figure 4 all the weight and cost 
values for each structural arrangement were normalized about 
the simplest structure (hinged-end stiffeners, aspect ratio 
1.0). The first limitation to be placed on this graph is the 
fact that it is for only one head of salt water and only the 
least-weight solutions. However, by realizing the character- 
istics aforementioned concerning these limitations, a fairly 
accurate conclusion involving other heads and stresses may be 
made. Due to the lack of an operations analysis study of how 
much emphasis should be placed on cost and weight, this graph 
provides the logical stepping-off point for the design method. 
When other than optimum weight values for n are studied the 
results show the usefulness of the graph. Variations of n 
both greater and less than optimum produce slight variations 


in cost and definite increases in weight. (See Figure 6.) 
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Figure 6 


The optimum weight solution is therefore the logical choice 
for cost comparison. The individual designer's preference as 
to the numerical percentage reliance on weight and the same 
for cost can be used in this figure by applying the appropri- 
ate slope. As he moves this slope up and to the right, the 


logical arrangement based on his preference can be obtained 


when the aspect ratio of his choice intersects this moving 
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Slope, no matter what the structural configuration of end 


Seonadition and orientation. 


DESIGN METHOD 

In each usage of the methods the least-weight value for n 
and t should be striven for. The "t/z" constant, which is in- 
dependent of n, becomes a handy tool when feasibility dictates 
a variance from the least-weight solution. In every instance, 
however, upon cnooSing a practical value for either t or Z, 
a new value for n must be obtained. 

Due to the elliptical nature of the expression for stiff- 
ener weights as a function of section modulus, there exists a 
necessary limit as to the value of z to be used in the optimum 
weight solution. Only stiffeners with section moduli up to 
45.4 in.* may be used; however, this represents a large major- 
ity of the rolled angle stiffeners on the market today. (Up 
to a web depth of approximately 8.0 inches.) To avoid this 
limitation, one can calculate the "t/z" constant, the n by the 
use of the appropriate "t" equation. A value for stiffener 
weight per foot must then be obtained elsewhere to be used in 
the total weight equation. 

If the procedures listed herein are followed, and the 
minor limitations observed, an effective design of a laterally- 


loaded, stiffened oanel can be easily obtained. 
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CONCLUSIONS 
1. The least-weight design limitation is for stiffener 
f-=on moduli less than or equal 0.45.4 ame 7 lsmeaee 


however, may be avoided if the "t/z" relationship is used vice 
the derived least-weight equations. 

2. Stiffeners oriented parallel to the short side of the 
plate yield, in general, the lightest solution (1.0 < aspect 
Eero — 4.0). 

3. The lightest design between aspect ratio 1.65 and 4.0 
exists when the stiffeners are bracketed and oriented parallel 
to the short side of the plate. 

4. Salt water head variation greatly effects weight and 
cost, but results in parallel relationships, completely ex- 
trapolative. 

5. The costing method used in this thesis is completely 
reasonable within certain realistic assumptions. 

6. Variation of the number of stiffeners, n, from the 
least-weight value increases weight significantly, but because 
cost is only slightly effected, the least~-weight solution is 
the best to integrate with cost in the optimization procedure. 

7. The values n and t are of primary importance in the 
optimum design and should be fixed in value to approximate 


those values obtained from the least~weight design. 
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RECOMMENDATIONS 

The three major stiffener end conditions for both orienta- 
tions have been studied in this thesis. Expansion of this 
study into variations in end conditions would definitely add 
to the design method developed here. To increase "Scope" would 
be the best recommendation. Completing the work done here but 
uSing various salt water heads and design stresses would great- 
ly add to the scope. Various values of n other than optimum 
weight would be of great benefit in the utilization of a similar 
normalized weight-cost graph. General expressions for stiffener 
weight in terms of section modulus for all three basic stiffener 
types could dispose of the size and type limitation experienced 
in this design method. 

The most attractive area of continuation would be that of 
computer programming. A program to utilize various salt water 
heads, values of n, different stiffener types, and more end 
conditions could be written. This would result in a complete 
set of design curves along the lines of the ones explored here, 
which could rid the designer of all "trial and error" and guess- 
work in designing a structure of this type. Also, by taking 
into consideration in-plane tension and compression, this meth- 
od could be used for a greater number of stiffened panel assem- 
blies. 

Expansion in any one or all of the above directions would 


result in a more completely useful design method. 
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APPENDIX I 


DERIVATION OF LEAST-WEIGHT EQUATIONS 
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APPEND Ge 


DERIVATION OF EXPRESSION FOR MINIMUM TOTAL WEIGHT FOR 


STIFFENED PLATING SUBJECTED TO UNIFORM HYDROSTATIC LOAD* 


ASSUME: Plate edges clamped 


NOTATION: 


= total weight of plating and stiffeners - Lbs. 


weight of stiffeners - Lbs./Ft. 
weight of plating - Lbs./Ft.? 


head of salt water - Ft. 


design bending stress (stiffeners) - k.s.1. 
design bending stress (plating) - k.s.1. 
section modulus of stiffener - In.’ 


plate thickness - In. 

number of panels 

Gensity of salt water - Lbs./Frt.3 

plate dimension parallel to long side - Ft. 
bending moment - Ft.-Lbs. 

plate dimension parallel to short side - Ft. 
unit load - Lbs./Ft. 


fengem — Ft. 


kk 
STIFFENER WEIGHT: 


Ws 


-.0114 z* + 1.035 z + 2.50 








~4]- 


SOTIFFENERS WITH HINGED ENDS ORIENTED PARALLEL TO THRE 


SHORT SIDE OF THE PEARSE 


TOTAL WEIGHT: 
We = aLW, + (n-1) a Ws 


We 40.8 abe =p )al=201147° 3 10s 5 7? 50)| 


ASSUMING SIMPLE BEAM THEORY IT CAN BE SHOWN THAT: 
im For thesplating- 
From og 7 2 See ce) © where > = (h/7n). kK = 2.0 
eer eee!) (L/n) VH/op 
2. For the stiffeners: 
we * 


From 0s = - where M= a (W = unit load) 


Zz MOOG s(iHizcey moe) 


3. ¢ - 1865 | Os 


Zeer a 1G 


We = 7.3(L?a/n)VH/op + (n-l)a[(-1.05 x 107%) * (HLa?*/ogn)? 





), therefore, 


+ .0994 (HLa*/ogn) + 2.50] 


Rese NE L* VH/0, and B = HLa*/o., 


DIFFERENTIATING Wt WITH RESPECT TO n AND SETTING EQUAL 
HOeZERO (MINIMIZE WEIGHT) : 
A = .342n? + (1.44 x 1079) (1-2/n)B? + (1.36 x 1072)B 
and 


fe = abepect (nema Oda et lOS52 4. 2.50) 








peo oTIFFENERS WiTH HENGED ENDS VORTENTED Sea aor eee eee 


LONG SIDE OF THE PLATE 


TOTAL WEIGHT: 


fe = alLWp ee 


USING SIMILAR METHODS AS IN "A" ABOVE: 


1. For the plating: 


to =e Seay mii / op 





2. For the stiffeners: 
z= .096 (HaL*/no.) 
3 t _ 1.865 oS) 
2) LAV a yop 
NetaCe=—a-yhvioo and D = HaL*/o, 


(parameters for use in weight equation) 


2) 


=k 
6 YORE. Gen 2 16 pe tie =) fo eG 3 tl 
and 


W,. = aL40.8t + (n-1)L[-.0114z2 + 1.035z + 2.50] 


eeotthe Ne Ro WETH SEMI-FIXED ENDS ORIENTED PARALLEL TO THE 


peor. SIDE OF THE PLATE 


USING SIMILAR METHODS: 
1. For the plating: 

t = .179 (L/n) VH/op 

2. For the stiffeners: 


z= .064 (HLa*/no,) 








BD. 


So 





2.8 9 
ee (—%) 
Z a*/H Vy, 
7 2 = 
A = s34cno seem to =) Na la + (.907 x 10 “)B 
and 


W, = aL40.8t + (n-l)af[-.0114z* + 1.035z + 2.50] 


See RRENERS WITH SEMI-PEIXED ENDS ORIENTED PARAL EE Ey feat dt 


BONG SIDE OF THE PLATE 


USING SIMILAR METHODS: 
ie For the plating. 
t = .179 (a/n) VH/o,, 


2. For the stiffeners: 





z= .064 (HaL*/no,) 
208 0 
3 te. — 
4 wL?VH Vo 
P 
2 aoe. : 0s 
fee oe: + (26389 <eO | op (a) to. Ce RO ee 11D 
and 


W, = aL40.8t + (n-1)L[-.0114z7 + 1.0352 = 2.50] 


Site rENERS WETH BRACKETED ENDS ORIENTED PARALLEL TO THE 


Poort SIDE OF THE PLATE 


USING SIMILAR METHODS: 
ie toO~e tie plating: 


ee dees, (L/n) VH/o,, 
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2. For the stiffeners: 


Due to the addition of brackets, the maximum design 





wl* 
moment of the stiffener becomes M = ve 
Se eS 082 (HLa* /no .) 
oe see Co) 

3, Es —(—¥) 

z a* YH VO5, 

2 ae 2 = 
Rom .34 2a. 57 )B (1-~) 6 4 Seon. )B 


and 
We = ala O ste te(ma i) cue 0 naz | ele Oo a2 ol 


+ (n-1) (.173)a[-.0114z2° + 1.0352 + 2.50] 


STIFFENERS WITH BRACKETED ENDS ORIENTED PARALLEL TO THE 


kkK 
LONG SIDE OF THE PLATE 


USING SIMILAR METHODS: 
i For the plating: 
t = .179 (a/n) VH/o_ 


me shorn tine SELffeners. 





Feeeo3s2 (Hal /no-) 
t 5.6 Us 
om aie Caen) 
L*VH vo 
e 2 Z 
Gabe 4 isc 10°) D? (1-5) n AG se 1) 8 
and 


We = ab40.8t + (nel) bl] 0 eae eee 72 0 | 


+ (n-1) (.173)L[-.0114z* + 1.035z + 2.50] 
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“The derivations in sections A and C were obtained from 
Reference l. 

** the equation for stiffener weight per foot as a function of 
stiffener section modulus came from Harlander's (Reference 
1) curve fitting of a typical plot of weight per foot versus 
section modulus for a series of angle stiffeners. See 
Bacgiure 7. 


** * coe Appendix II. 





sae 


SECTION MODULUS VERSUS STIFFENER WEIGHT 
(Inverted Angles) 


ate 
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Figure 7 
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APPENDIX II 


BRACKET WEIGHT AS A FUNCTION OF STIFFENER WEIGHT 





ayes 
APPENDIX ITI 


BRACKET WEIGHT AS A FUNGCEION CF eSoteeteieiwel cue 


(Figure 8) 


Ba 


2D 


i 





Assuming the standard use of bracketing cut from stiff- 
eners (angle stiffeners) and by using weight calcula- 
tions, the following relationships can be obtained: 


W, (Lbs./Ft.) = .694 Wo (Lbs./Ft.) 


b 
Two (n-1) brackets are required in each bracketed assembly. 
(L/8) Ft. = length of each bracket along flange. 

-- (.173) (a) (Wg) (n-1) = weight of brackets required when 


stiffeners are parallel to the short side of the plate 








SAG 
and 
(.173) (L) (We) (nce) = weight of ‘oracker ss egutiedaiew 


stiffeners are parallel to the long side of the plate. 
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APPENDIX II1 


COST -ES cA TING ROC rURs 





=i jis 
APPEND 


PROCEDURE FOR ESTIMATING, COpe 


feet HOD USED FOR COST ESTIMATION 1S. THAT USED BY Ten Bost toy 


* 
NAVAL SHIPYARD FOR SIMILAR CONSTRUCTION 


me MATERIAL COST (MILD STEEL): 
i. For the wplating: 
Cost of plating = $.10 per Lb. 
2. For shaped members (stiffeners and brackets): 


Cost of shaped members = $.12 per Lb. 


Eee POR COST: 
ASSUME: Weld type ~- simple fillet 
Weld size - 1/8 In. 
Condition of difficulty — nerma Paeewniand) 
Use tacking for setup 
1. Procedure for hinged and semi-fixed arrangements: 
(a) Calculate feet of welding required 
(6) Multiply by 2@Giman-hours, Eee torebtalneman— 
hours welding 
(c) Multiply number of man-hours by .067 and add 
1.0 to obtain man-hours required for tacking 
and setup 


(d) Add welding man-hours and tacking man-hours 








(e) 


(a) 


ial 


(k) 


-53)- 
Multiply subtotal man-hours by .06 and add 1.00 
for continuous jobbing and make ready allowance 


Add subtotal and continuous jobbing and make 


ready allowance for primary subtotal 


Multiply number of stiffeners by the length of 
each stiffener and that result by .02 man-hours 
per foot for stiffenerseutting man-heurs 
Multiply the stiffener cutting man-hours by 2 
to obtain stiffener layout man-hours 

Multiply the perimeter of the plate by .04 man- 
hours per foot to obtain plate layout man-hours 
Multiply the cutting length of the plate by .02 
man-hours per foot to obtain plate cutting man- 
hours 

Add the primary subtotal, stiffener layout man- 
hours, stiffener cutting man-hours, plate lay- 
out man-hours, and plate cutting man-hours to 
obtain the total labor man-hours required 
Convert this number to labor dollar and over- 


head dollar cost by using Table IV 


Procedure for bracketed arrangements: 


(a) 


(b) 


GC)) 


Follow procedure 1 (one) to obtain total man- 
hours without bracket addition 

Calculate number of brackets required 
Multiply bracket number by .08 man-hours/unit 


to obtain man-hours for bracket welding 








aoe 

(d) Multiply bracket welding man-hours by .246 
and add 1.0 for bracket tacking man-hours 

(e) Add bracket welding and bracket tacking man- 
hours for subtotal bracket manjhours 

(f) Multiply number of brackets Dyas ter eure 
per bracket for bracket fabrication allowance 

(g) Add total labor man-hours (from 1 (one) above), 
subtotal bracket man-hours, and bracket fabri- 
cation allowance to obtain total labor man- 
hours 

(h) Convert this number to Kabor dettanr ana) Guanes 


head dollar cost by uSing Table IV 


* ‘ 
Taken from Boston Naval Shipyard Standard (E); nos. 
SEO -UU-O0gremr ough >t0-00-—0lr. 
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APPENDIX IV 


TABULAR RESULTS 
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TAB tie 


HINGED-END STIFFENER/PLATING CHARACTERISTICS WITH STIFF- 


ENERS PARALLEL TO THE SHORE SGEDE OF THE PEATE 


L/a Wt n Z ie Wp Wot 
Lbs. ie ay ie 

Lee 2427 ILS Sy ZA0) ei G55 EZ 

ie. 5 Pies 17 B22 SONS 384 734 

ZO Cuz le] iy oa Ole 288 384 

Bye 0 407 18 OF 6 093 ies 224 

4.0 23H im: 0.43 - 098 ey NES x0) 


FeeNGED-END STIFFENER PLATING CHARACTERISTICS Wille sane 


ENERS PARALLEL TO THE LONG SIDE OF THE PLATE 


L/a Wt n Z te Wp Wst 
Lbs. ree In. 

Ee 0 2427 I) 8.20 Apleieae 655 ey 72 

ee 1538 3 5) 6 19, size 486 1052 

ZO 1128 i Saao mye LS, ae 770 

BO 699 4 TORS - 140 274 425 


4.0 430 3 10.24 PAU 147 Zo 








stan cs 
TABLE II 


SEMI-FIXED STIFPENER/PUATING CHARACTER Doi) cre ie een 


ENGR PARALLEL TE THE SHORT Sipe mor thee mene 


L/a Wt n Z 1 Wp Wst 

Lbs. ie ierite HS Lbs. 
0 2050 16 Bs IS OA 610 1440 
5 929 17 2.28 .098 384 545 
2 0 646 18 1.14 OS Og SS 
3.0 388 18 0.51 .093 183 205 
4.0 280 18 0.29 093 Ley 143 


SEMI-FIXED STIFFENER/PLATING CHARACTERISTICS WITH STIFF- 


HNono PARALLEL TO THE LONG SIDE OF THE PLALTE 


L/a Wt n Z t Wp Wet 

mS. ites In. iS . Lbse 
ils 0 2050 16 5. LO ~ 104 610 1440 
i 5 ee 2 ime) 5.46 pele Z 439 843 
2a () 942 8 Dre Z - 104 S12 630 
3.0 594 5 5.46 2 219 375 


4.0 363 3 rena - L00 147 Z7EG 
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TABLE SIT 


FIXED-WITH-BRACKETS STIFFENER/ PLATING CHARACTERS ElGsS 


WITH STIFFENERS PARALLEL TO TRESSERORESo DE Ol TEE ae Lal 


L/a Wt n Zz je Wp Wst Wh 

Lbs. bi els ote Lbs. LSS Lbs. 
iO 1685 16 2.56 104 611 914 160 
ile: 919 16 La sl a4 408 440 gel 
2.0 642 18 Oey, 093 273 Saks 54 
3.0 402 18 Ve 2s 093 182 188 32 
4.0 294 18 0.14 .093 136 bes Ze 


FIXED-WITH-BRACKETS STIFFENER/PLATING CHARACTERISTICS 


WITH STIFFENERS PARALLEL TO THE LONG SIDE OF THE PLATE 


L/a Wt n Zi c W W W 
Hee Tree In. 1, SS} - Lbsi Lbs. 
alee O 1685 16 2 6 « LO4 611 914 160 
1s: 1041 12 2.48 ~')93 960 576 100 
Ze 746 8 Pane) §: - 104 306 375 65 
Seal 472 5 Zee ee lleZ 220 21S 37 
4.0 Blobs, 4 2516 - LO4 EES 159 Za 
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TABLE V 


A. HINGED-END STIFFENER/PLATING COST VALUES WITH STIFFENERS 


PARALLEL TO THE SHORT SIDE OF THE PLATE 


L/a 

ee 65 
Les. Cus: 
ZO 26 
3. 0 Ike 
4.0 i 


Cp 
S 
50 
40 
80 
30 


18 


& 


212 so 


83.08 


46.08 


266 


iS. 0G 


Cm 

S 
278.14 
126.48 
74.88 
45.18 


oie @ 


Mites 


Hrs. 


JO Rb? 


PAS 


18.48 


down OS 


C 


Des 


Leos 


146 


113 


SI? 


00 


00 


00 


00 


-00 


Co Cc. 
Nearest 
S Dollar 
ZILA SO TZ i200 
167-00 LOZ 200 
130308 35 10 
LO Cro 258.00 
81.00 205.000 


44.9 


336 


2.1.6 


ZnS 


13 


B. HINGED-END STIFFENER/PLATING COST VALUES WITH STIFFENERS 


PARALLEL TO THE LONG SIDE OF THE PLATE 


a 

Len 65 
eS U8 
eG) Soe 
o.0 27 


Cp 
S 
50 
.60 
80 
40 


ANE 6, 


Cs 

S 
212 64 
126.24 
92.40 
Slee 018, 


Gyo Sc)e) 


Cm 


278.14 


174.84 


128.20 


78.40 


48.66 


Hrs. 


SIS oh 


2a 


18.40 


Eee, 


CL 


238 


143 


Hees 


S 


LOO 


100 


- 00 


6 ie. 


SI: 


00 


00 


Co Ct 
Nearest 
S Dollar 
PAO T2100 
nee 010) EEE OK) 
LOO. OO 5 od) 
59), 00 204.00 
49.00 ase Ow 


eats) 


270 


GANGS 


126: 


104 


200 


00 


200 


One. 


00 


200 


BONG. 


200 


00 


00 








A. 


lee 


SEMI-FIXED STIFFENER/ PLATING Geer 


PARALLEL TOSTHE SHORT  SiUDE WC ha au 


Ga. OO 


38.40 


23230 


18.30 


hay. 7 


Cs 

S 
Li Zaee 
65.40 
U4. 76 
24.69 


IY, Sie 


Cm 


ZoG. 


103% 


UE 


42 


SU. 


80 


80 


06 


eh, 


86 
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TABLE VI 


Mieke 


Hrs. 


41.20 


Se laZ: 


WASTE ee, 


18.48 


1570s 


Pie 

CL Co 

S S 
250 208 22100 
186.00 164.00 
156.09 Ibe 10) 0. 
LUS Seo 100.00 
92.00 81.00 


CE 


Nearest 


Dollar 


105300 


454.00 


366.00 


296 200 


204.00 


VALUES WITH STIPFPENERS 


Cio 


471.00 
350 .00 
294.00 
213.00 


LS 00 


SEMI-FIXED STIFFENER/PLATING COST VALUES WITH STIFFENERS 


PARALLEL TO THE LONG SIDE OF Dibeerara 


L/a ep Cg Cm M.H. Ce Co C+ CLO 





Nearest 
S S Hrs. S = Dollar S 
Ik Gl00 172600 233.80 © Hile205 250.000 mne oma 705.00 471.00 
i M2790 101-16 145.06 26.71) 9di62 00 mmticnan 450.00 305.00 
a ena20 75.60 106.80 © 21-79. ot oO meena 360.00 DS OG 
ae 21.30 45.00 66.90 14.57 88.00 78.00 233.00 166.00 
4, Vt 70 25.92 40.62 9.76 61.00 54.00 156.00 ils, ge 








Seles 
LAB LEAN Ee 


A. FIXED-WITH-BRACKETS STIFFENER/PLATING COST VALUES WITH 


SLIFFENERS PARALLEL TO THE SHORT S202 Or etne years 


L/a Eye) C G Cm ele C ¢ C C 
Nearest 
S S S S Hrs. = S Dollar S 
meen Ool.10 109.68 19.20 189.98 50.78 311500) 577 27200 416.00 + 566200 
me 40.80 52 4380 8:52 102.12 (38.63 @2ese0Gmeeo oO 5945.00 443.00 
eo )|0O 2/30 oy ou 6.48 711,458 35.86") 270. CO oy 00 486.00 414.00 
feo )61 8.20 22 00 3.84 44.60 29.01 Bi 2008 257 200 379.00 334.00 
mo 8613.60 16.20 Zo 32.56 25.58 Blse.00 Piero 0 327.00 294.00 
B. FIXED-WITH-BRACKETS STIFFENER/PLATING COST VALUES WITH 
STIFFENERS PARALLEL TO THE LONG SIDE OF THE PLATE 
L/a___¢p Ce Ch Cm M.H. Cg on on Cro 
Nearest 
S $ . S Hrs. 5 S Dollar $ 
mageeol. 10> VO9.66 19.20--189.98 30.738 95sh 00 775.00 776.00 586.00 
imo | 636. 20 69.12 12.00 17.62 7337 0 W2ac OO een oO 567.00 449.00 
peo «6s 30. 60 {Po G0 1730 83-40 27.63 Vice. 00 18.200 399-00 “oi6300" 
S.0 22.00 25.60 4.44 o2.24. 16.975) 67 0Gmeo. 00 2711.00 219-06 
wo 86.5. 30 JES 10K! 3.24 3776027) “16.05 98.00 86.00 222.00 184.00 





— 
— (a ia === aie 
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TABLE Vid 


NORMALIZED WEIGHT AND COST VALUES 


Normalized on Case A, aSpect ratio = 1.0; 

ee 2427 Lbs. 

Ce = $727.00 
Case A Casen> 
L/a Win = Cty Sd L/a Wen = Cin 
15.0 00 0c 14 1.0 160 Oe 
IEes -460 -664 1G 1325 .634 - ouk2 
220) ed -484 16 P20, -465 .470 
a0 -168 ~ OD 17 S20 .288 72iG.0 
4.0 Seles: eo Jey! 4.0 ava 26 
ease C Case D 
L/a Wien = Stn ek L/a Win = Ctn 
1.0 ~845 970 15 10 ~845 970 
1S) woos e625 16 deco ASAE Oung 
Pee) . 266 -504 Ly 2.0 Poo ~495 
0 ow Toole ey 820 edo es Il 


4.0 eG a Ate ell ey, 4.0 5 Ihe .214 








Case FE 

L/a Wey 
I: 0 Oo. 
5 5 oe 
2.0 E265 
B...0 . 166 


4.0 weet 


ca 

EOF 
750 
669 
B20. 


-404 


ules. 


os, 


a iy 


17 


7, 


=i 


TABLE VIII (Continued) 


Cacsem 

L/a Wen 
eo ~095 
ieee) - 430 
20 25105 
3.0 <i 95 
4.0 +40 


- 7/60 
ooo 
wos 


eels 
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SAMPLE PROBLEM 


GIVEN DATA: lee 12.0. 
a= ~ 4,0. 
He= 20m Oss tiE. 

Op = 33.0 4. esei1c 

Og = 27.0 k.s.1. 


FOLLOW DESIGN PROCEDURE II (OVERALL OPTIMIZATION) : 


1. Personal preference dictates equal importance of both 
weight and cost. From Figure 4, by moving the 45 degree 
slope up and to the right, it is determined that the stiff- 
eners should be placed parallel to the short side of the 
plate and should be continuous, following the semi-fixed 
theory. 


Zee rom Appendix I: 


ft. 2.8 (_s_) 
Z a> Whe V8p 
ee 

= ine 


Seer rom Appendix I: 


2) 3 


p= . 342n2 04 (.639 * 1075) B? (1-4) + (.907 x 10. 
where 


A= L* /H- and = Hha_ 
Oo es 
p 


w 
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therefore, A 112 


B = 142 
substituting, 
.342n* - 110.6n - .254 = 0 
solve for closest value of n 
hence, n = 18 
4. From Appendix I: 


oS DIES Ss nee aa 
Ln 


z= :993 = .505 in.? 


5. Feasible value for t closest to least-weight value is 


is. 125 In. 
5179 a. {-179) (2) 


oe = 2 * 
fe (. 125 )5Ge2) 
n= 13.3, therefore, the actual value for n is 14 
‘ ales 
» Ja : = 2125 
z oe: a - 184 
Z= .68 in.* 


8. From Appendix I: 


We = 40.8 aLt + (n-1) (a) [(-.0114)z* + 1.035z + 2.50} 


We = 399 los. 
where Ver = 154 lbs. 
and Wp = 245 lbs. 


9. Evaluate cost by method outlined in Appendix III (self 
explanatory). 


Thus the optimum structure in this case: 








=662 
(1). tse ee 
lbs. 


(2) zz= .68in.? (Ws = 3.2 oe 


(3) Thirteen stiffeners; semi-fixed, oriented parallel 
to the short side of the plate (stiffener spacing 


= 2057 ite) 
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